Objective: Lyme disease (LD) is chronic, multi-system zoonosis transmitted by ticks, and LD aetiological agents are spirochetes of the Borrelia burgdorferi sensu lato complex. The aim of the cross-sectional study was to analyze the LD incidence on the basis of the presence of specific antibodies in the serum of patients in Eastern Slovakia, and to compare the results of serological ELISA and immunoblot assays.
INTRODUCTION
Lyme disease (LD) has a global reach and has become a major problem in diagnostics and therapy in current medicine and is a significant public health problem in the endemic regions of Europe and Asia (1) . LD spreading depends on geographic, environmental and climatic factors, and on the pathogenicity of Borrelia burgdorferi sensu lato (s.l.) (2) .
LD is a multisystem disorder caused by several genotypic species B. burgdorferi s.l. complex (3) . The complex includes at least 20 species, but the main pathogenic genomic species responsible for human LD in Central Europe and Eastern Europe are B. burgdorferi sensu stricto, B. garinii and B. afzelii. However, the DNA from B. valaisiana, B. lusitaniae and B. spielmani detected in samples of human origin or spirochetes was isolated from patients with LD symptoms (4) .
The only clinical manifestation sufficient to diagnose LD without laboratory confirmation is the identification of erythema migrans (EM) rash after ticking. The CDC defined the EM rash as an expanding red macula or papule, which must be at least 5 cm (with or without central cleaning) (5) .
Available laboratory methods for LD diagnosis can be divided into two categories -direct methods (cultivation or techniques that detect specific proteins or nucleic acids specific for B. burgdorferi) and indirect methods (serology for antibody detection) (6) .
Laboratory tests for direct detection of B. burgdorferi are limited by the very low number of spirochetes in most clinical specimens. The most common evidence of infection is the direct cultivation of Borrelia burgdorferi s.l. or the PCR method (7) . Cultivation of the pathogen is successful in 50-70% of cases in skin lesion patients, but only in 10-30% of CSF in patients with neuroborreliosis. PCR results are similar. Concentration of Borrelia in peripheral blood is relatively low, more suitable is EM skin biopsy (50-70% positivity), synovial fluid from the affected joint (50-70% positivity), CSF (10-30% positivity) (7) .
Serological tests are often misinterpreted and may be false positive in results unless validated laboratory tests are performed (8) . The Center for Disease Control and Prevention (CDC) and European Concerted Action on Lyme Borreliosis (EUCALB) recommends a two-stage serological protocol using an enzyme-linked immunosorbent assay followed by a more speculative Western blot/immunoblot to confirm the diagnosis when the test samples are positive or ambiguous (5) .
The sensitivity of the antibody-based assays increases with duration of the infection and there will be a delay from the initial infection until sufficient antibody levels are found. Patients who have a very early illness have a rather negative result. Serological tests are useful in patients with clinical findings suggesting later stages of LD (7) .
The aim of the presented research was to analyze the incidence of LD based on the presence of specific antibodies in the serum of patients in Eastern Slovakia and to compare the results of serological ELISA and immunoblot assays.
MATERIALS AND METHODS

Study Design
Study design: cross-sectional study. Approval of the study protocol was received by the Ethics Committee of the University Hospital of Košice.
Data Collection
The study was conducted from 2013 to 2016. Blood samples were obtained from 537 participants (287 men and 250 women) from nonrandom sampling. The study included people in whom we predicted possible symptoms associated with Lyme borreliosis -people with work activities in nature, patients from different clinical departments and the population of marginalized people (Roma ethnicity).
Serum Samples
The serum was obtained by the centrifugation (2500 rpm/10 min) and preserved at −80 °C until serological testing. The sera were processed in the Laboratory of the Department of Microbiology and Immunology of the University of Veterinary Medicine and Pharmacy in Košice.
Questionnaire
The subjects were personally interviewed according to a structured questionnaire specifically designed for the study. Three main categories of variables were considered in the questionnaire: demographic data (age, gender and residence), epidemiological data (tick bites, insect bites, pet ownership, frequent outdoor activities) and clinical data (in the past occurring diseases/symptoms).
Laboratory Analysis
Using the ELISA method, we examined 537 human sera and, for confirmation, we found all positive IgG antibodies against Borrelia by immunoblot assay. The assay was performed with commercial ELISA assays for IgG/IgM (recombinant) (NovaLisa™, Germany) according to the manufacturer's instructions. Results equal to 11 NTU/mL and above were considered positive, values between 9 and 10 NTU/mL were considered borderline and values below 9 NTU/mL were considered negative. The presence of IgG antibodies against the specific antigen Borrelia burgdorferi s.l. was determined by immunoblot assay using commercial LYMECHECK OPTIMA IgG and IgM kits (BIOSYNEX, France). In kits, recombinant proteins are specific for 5 genus species: B. burgdorferi s.s., B. afzelii, B. garinii, B. spielmanii and B. bavariensis. The tests were carried out in accordance with the procedure recommended by the manufacturer. Positive or negative results were determined based on the sum of the point values assigned to the individual bands corresponding to the reaction of IgG antibodies with specific B. burgdorferi antigens. Results of ≤ 5 were considered negative, those of 6 were classified as borderline and those of > 7 were considered positive.
Statistical Analysis
Categorical variables were given as percentage (n/N) and compared by Pearson chi-square test. Logistic regression was employed to evaluate the association of seroprevalence with the influence factors of LD. Value considered for statistical significance was p < 0.05. All data were analyzed with the SPSS software package (Version 21.0).
RESULTS
File Characteristics
The study group consisted of 537 people aged between 12 to 93 (average age 57.05 years, SD 16.29), which included 287 (53.4%) men and 250 (46.6%) women. The average age of men was 45.2 (SD 16.04 years) and the average age of women was 54.8 (SD 16.94 years). Urban residence was reported by 281 (52.3%) participants and rural by 256 (47.7%) ( Table 1) .
According to the questionnaire results, of these 537 people, 154 (28.7%) rheumatological, 127 (23.6%) neurological and 78 (14.5%) dermatological complaints were observed. The presence of selected symptoms over the last 5 years was statistically more pronounced in women compared to men (p < 0.05) ( Table 2 ).
General Screening
The B. burgdorferi screening ELISA test revealed 425 (79.1%) negative samples for anti-B. burgdorferi s.l. IgG, whereas 16 (3.0%) samples were borderline and 96 (17.9%) were positive. The results for IgM were as follows: 479 negative (89.2%), 17 (3.2%) borderline and 41 (7.6%) positive samples. The immunoblot, which was performed for the positive IgG samples, was positive in 67 subjects (69.8%), borderline results were detected in 8 (8.3%) subjects and negative in 21 (21.9%) subjects of the IgG samples. More positive samples were found out by ELISA method compared to immunoblot. The detailed results about the classes of the detected antibodies are presented in Figure 1 .
Most commonly we detected antibodies against VIsE (80.2%), p41 (66.7%), p18 (56.3%), p100 (41.7%), p58 (31.3%), and p39 (30.2%) by immunoblot assay. The B. afzelii (54.2%) and B. bavariensis (13.5%) were the most frequent cause of the immunological reaction of all analyzed antigens. The B. spielmanii and B. burgdorferi sensu stricto antigens were rarely detected (1.0% and 4.2%) (Fig. 2) .
We did not confirm a statistically significant difference (p > 0.05) between males and females in the range of antibodies against individual antigens in our set, but men showed a higher percentage of antibodies than women almost for each antigen (Fig. 3) .
We have not confirmed a significant relationship between the presence of antibodies against the p39, B. afzelii and B. burgdorferi s.s. within relation to selected symptoms (neurological, rheumatological and dermatological) (p > 0.05) ( Table 3) .
DISCUSSION
Slovakia, like other European countries, is exposed to an increased risk of LD, which can also occur in non-endemic areas. Human LD is becoming more and more frequent. According to the Public Health Office of the Slovak Republic in 2017, 806 LD cases were reported in Slovakia. The highest occurrence was observed in the Banská Bystrica, Žilina and Trenčín regions (9). 
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The most frequently used laboratory method for LD diagnosis is serology using the two-tier (Enzyme Immunoassay -ELISA followed by Western blot -WB) algorithm. This algorithm, when using specific interpretation criteria, is the method recommended by infectious disease experts and public health organizations (10) .
Antibodies determination from serum and CSF by ELISA is one of indirect methods with high sensitivity but low specificity. This is due to the high seroprevalence (10-20% of the adult population), the incidence of cross-reactive antibodies and the occurrence of seronegative forms, which in some cases is associated with the risk of misdiagnosis (11) .
The limitation of our study is that we did not perform immunoblot assays by screening serum for IgG bound antibodies and anti-IgM antibodies. Another limitation was a small group of respondents (predominantly people from Eastern Slovakia).
Our results confirmed a high sero-prevalence of anti-Borrelia antibodies (17.9% for IgG), while the immunoblot seropositive test was confirmed in 69.8% of respondents from ELISA positive sera against IgG. Positive IgM class antibodies were found in 7.6% of studied population. Higher seroprevalence may be associated with the increasing risk of infestation with infected ticks in Eastern Slovakia as well. Similar results were obtained by the first studies conducted in Poland, which found the presence of ELISA antibodies at 11-13% (12) .
Since the immunoblot method offers the possibility of examining the reactivity of the individual antigenic fractions, the positive results were further analyzed and compared.
The diagnostic accuracy of ELISA and immunoblot for LD in Europe varies considerably, with an average sensitivity of ~80% and a specificity of ~95%. Nineteen case control studies, including healthy controls, evaluated the accuracy of serological tests at EM. The sensitivity for ELISA or immunoblot at EM was 50% and specificity 95%. ELISA tests were more accurate than immunoblots, mainly due to higher sensitivity. For Lyme arthritis, the sensitivity was approximately 95% and in the cross-sectional studies of neuroborreliosis the specificity decreased to 78% (13) . In studies conducted in Turkey in 2005 for groups of farmers and forest workers, the ELISA test for IgG class antibodies showed seroprevalence between 10.9%, while Western blot confirmed positive only in 1.1% (14) .
In patients with early phase LD, the most commonly detected antibodies are IgM against flagelin protein (p41) and outer surface protein C (OspC). Many studies have also been confirmed in Poland (4, 15, 16) .
In our study, we detected IgG flagella protein p41 in 66.7% of individuals. Other antibodies with respect to high frequency were antibodies against VIsE (80.2%), p100 (41.7%), p39 (30.2%), p58 (31.3%) and p18 for B. afzelii (54.2%) that are associated with serum IgG antibodies with a later stage of infection. It is a higher percentage than in the study by Kubiak et al., where antibodies against VlsE protein were detected in 64.8%, antibodies against p18 and p100 B. afzelii in 24.1% (17) . OspA antibodies (1%) also rarely occurred in our study. In the study by Jovanovic et al., IgG showed a high reactivity against VIsE, p19, p41, OspC, OspA and p17 (3). In the study by Tokarska-Rodak et al., VIsE was detected in only 40 % and p39 in 29% of the samples (4). VlsE is considered (17) . According to genospecies, borrelia is characterized by a certain organ tropism. It has been proved that B. burgdorferi s.s. most often cause arthritic symptoms, while B. afzelii is the most common in patients with skin symptoms of LD -erythema migrans (EM) and atrophic acrodermatitis (17, 18) . By logistic regression, we have not been able to detect a significant relationship between the presence of B. afzelia and B. burgdorferi s.s. and selected diseases (p > 0.05). The presence of the p39 antigen is often associated with arthritic symptoms (3). In our work p39 was not a significant factor for the presence of selected diseases. In the study, we detected a strong reaction with B. spielman at 1%, which is lower than in the study by Kubiak et al. (17) and Biesiada et al. (15) , where they identified the response in 4.3% and 8% of individuals, respectively.
Type of antibodies of each class in serum depended on heterogeneity species B. burgdorferi s.l. a complex cause infections and the polymorphism of their antigens. Recombinant proteins used in immunoblot as diagnostic antigens are not only highly immunogenic properties but are also selected to indicate stage of disease progression (19) .
The diagnosis of LD, especially in the absence of the characteristic rash, may be difficult, since the other clinical manifestations of LD are not specific. Even the diagnosis of EM sometimes may be difficult, since the rash initially may be confused with nummular eczema, granuloma annulare, an insect bite, ringworm, or cellulitis (6).
The current 2-tier algorithm works relatively well when used as recommended, but problems include the low sensitivity during early infection, subjective interpretation of bands, and confusion by healthcare providers and patients regarding how to interpret results.
CONCLUSION
In summary, it should be noted that the detection of antibodies against B. burgdorferi s.l. is only an indirect evidence of the participation of this bacterium in causing clinical symptoms of LD in human. The standard diagnostic procedure of LD is quite simple if a positive history of tick exposure or typical EM appears. Lack of unequivocal clinical symptoms creates the necessity for further evaluation with laboratory tests such as ELISA and immunoblot. Final confirmation would require detection and genome identification B. burgdorferi s.l. in the material obtained directly from the patient and in the local population of I. ricinus using methods of molecular biology (17) .
